ABSTRACT KOALA, the Kilofibre Optimised Astronomical Lenslet Array, is a wide-field, high efficiency integral field unit being designed for use with the bench mounted AAOmega spectrograph on the AAT. KOALA will have 1000 fibres in a rectangular array with a selectable field of view of either 1390 or 430 sq. arcseconds with a spatial sampling of 1.25" or 0.7" respectively. To achieve this KOALA will use a telecentric double lenslet array with interchangeable fore-optics. The IFU will feed AAOmega via a 31m fibre run. The efficiency of KOALA is expected to be ≈52% at 3700A and ≈ 66% at 6563Å with a throughput of > 52% over the entire wavelength range.
INTRODUCTION
KOALA is a replacement for the current integral-field unit (IFU) on the Anglo-Australian Telescope (AAT), SPIRAL. SPIRAL 1 samples the f/8 Cassegrain focal plane with a 512 element array of square microlenses in a 32 × 16 format, with a field of view of 22 × 11 arcseconds. SPIRAL was an upgrade to a prototype IFU, SPIRAL-A, 2, 3 and originally both incarnations used the same purpose built bench mounted spectrograph, until SPIRAL was decommissioned.
SPIRAL was recommissioned in 2006, this time feeding the AAOmega bench mounted spectrograph.
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Despite the somewhat ad hoc retro-fitting of the SPIRAL IFU to AAOmega, the instrument has been popular and successful. Highlights of the science done with SPIRAL include observations of local galaxies with a high level of turbulence caused by high star-formation rates, 7 and the observation that star-burst galactic winds are shock ionised (whereas AGN galactic winds in the same sample are photoionised), indicating a delay between the onset of star-formation and the development of a wind.
8 These examples reflect a growing demand for integral-field spectroscopy, which has proved itself to be a powerful technique for measuring the complex kinematic, structural and chemical properties of extended objects (e.g. SAURON;
9 ATLAS 3D10 ).
Nevertheless using SPIRAL with AAOmega has some significant limitations. In particular the current fibres have poor transmission below 4200Å making it impossible to measure either [OII] at 3727Å or the Ca H+K absorption lines and the 4000Å break; features which are crucial diagnostics for stellar population work. In addition the current fibre run is too short to allow the full range of movement of the telescope.
KOALA is a replacement IFU and fibre run, to feed AAOmega, that will resolve these problems. The overall efficiency will be increased by a factor of ≈ 1.3. Furthermore KOALA will also have 1.8 or 5.7 times the field of view, depending on the spatial resolution, and twice number of elements of SPIRAL with a new IFU. KOALA is currently in the design phase, but is expected to be completed by June 2013. This paper describes the instrument and the expected performance.
TECHNICAL DESCRIPTION
KOALA is comprised of three sub components: the fore-optics which accept light from the telescope focal plane and feed it to the lenslet array, the lenslet array itself, and the fibre run including the slit. These will be described in turn. An overview of the KOALA instrument is given in Table 1 .
Fore-optics
KOALA will have two sets of interchangeable fore-optics to provide two different spatial resolutions and fields of view; either 0.70" pixels and 430 sq. arcsec field-of-view, or 1.25" pixels and 1390 sq. arcsec. field-of-view. A Zemax ray diagram of the two sets of fore-optics is shown in Figure 1 , and drawings of the mechanical design are shown in Figure 2 . The two fore-optics will be changed automatically, allowing the user to take advantage of periods of good seeing, or to maximise the field-of-view, depending on conditions and the science requirements.
Lenslet array
The KOALA IFU will consist of two telecentric hexagonally packed arrays of 1000 lenslets, both with a 250µm pitch between lenslets. The first will have hexagonal lenses which feed light to a second array of circular lenses. This double lenslet array was chosen to minimise the risk in manufacturing single-lens arrays which require specifications outside of any vendors advertised capabilities. A schematic of the optical path for a single microlens is shown in Figure 3 , and photographs of prototype microlens arrays are shown in Figure 4 .
The lenslet arrays will be arranged in a 40×25 configuration, giving an aspect ratio of 0.73. The configuration of the elements has been chosen to match the expected aspect ratios of typical science targets. Figure 5 shows a histogram of the aspect ratios of all objects in the 2MASS Large Galaxy Atlas;
11 the mean aspect ratio is 0.60 and the standard deviation is 0.25. The instrument will be mounted at the Cassegrain focus which allows rotation. 
Fibre run and slit
The lenslet array will feed a 31m fibre run, which will be routed down one of the telescope coudé tunnels to the AAOmega spectrograph. The fibres will be CeramOptec Optran WF 105/125/250 A, with an acrylate jacket, and provide a substantial part of the increased throughput of KOALA over SPIRAL.
The fibres will be mapped onto the slit as illustrated in Figure 6 . This mapping has adjacent fibres on the IFU also adjacent on the slit, and also has adjacent blocks of 25 fibres. This reduces the chance of high contrast between adjacent fibres on the slit, minimising the fibre-to-fibre cross talk.
The blocks of 25 fibres will be housed in individual furcation tubes, all of which will be protected together in a single conduit. The 25-fibre blocks will each go to an individual slitlet on the slit. A drawing of the end slit is shown in Figure 7 . The minimum separation of the fibres along the slit is ≈ 140 µm. This separation equates to a cross-talk of ≈ 8% for adjacent fibres, a less than 1% for every other fibre, assuming equal illumination. This level of cross-talk can be deconvolved using the algorithms within the 2dfDR data reduction code, developed for SPIRAL observations. 
EXPECTED PERFORMANCE
The improvements in performance of KOALA over SPIRAL come from improved transmission in the fore-optics glasses, improved transmission in the fibres, better coupling of the microlenses to the fibres (i.e. better matching of the input focal ratio), and larger field-of-view. Figure 8a shows a plot of the internal transmission of the KOALA fore-optics compared to the SPIRAL fore-optics, excluding any Fresnel losses. Similarly Figure 8b shows the internal transmission of the fibres, and Figure 8c shows the combined effect of the fore-optics and fibres. Figure 8d shows the total improvement in efficiency, including a factor 1.2 improvement in the focal ratio matching of the beam injected into the fibres.
We have also estimated the absolute efficiency of KOALA including reflection losses. The results are shown in Table 2 . Figure 5 . The ratio of minor to major axis for all objects (mostly galaxies) in the 2MASS Large Galaxy Atlas. The thick black line shows the aspect ratio of the KOALA IFU.
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